Abstract. Wyoming's Powder River is considered an example of a pristine prairie river system. While the river hosts a largely native fish assemblage and remains unimpounded over its 1,146-km course to the Yellowstone River confluence, the hydrologic regime has been altered through water diversion for agriculture and natural gas extraction and there has been limited study of fish assemblage structure. We analyzed fish data collected from the mainstem Powder River in Wyoming between 1896 and 2008. Shifts in presence/absence and relative abundance of fish species, as well as fish assemblage composition, were assessed among historical and recent samples. The recent Powder River fish assemblage was characterized by increased relative abundances of sand shiner Notropis stramineus and plains killifish Fundulus zebrinus, and decreases in sturgeon chub Macrhybopsis gelida. Shifts in fish species relative abundance are linked to their reproductive ecology with species with adhesive eggs generally increasing in relative abundance while those with buoyant drifting eggs are decreasing. Assemblage shifts could be the result of landscape level changes, such as the loss of extreme high and low flow events and changing land use practices.
communities is ''native invasions,'' the disproportionate expansion of particular native species more suited to exploiting niche opportunities afforded by human activities (Simberloff 2011 , Carey et al. 2012 .
North American prairie ecosystems are among the most threatened biomes in North America (Samson and Knopf 1994) , having been ''ravaged by pump, flow and pollution'' (Matthews 1988) . The Great Plains ecosystem stretches east to west from the Eastern Deciduous Forest to the foothills of the Rocky Mountains. Most prairie river systems have been altered by water development which has tended to stabilize historically-intermittent and (or) widely-fluctuating flow regimes. Perhaps the largest and most well-known prairie river, the Missouri River, is now extremely regulated. One third of this river is channelized and another third is impounded, while the whole river experiences a substantially different flow regime from that in which its native fishes evolved (Rabeni 1996) . Prairie streams are of ecological importance due, in part, to their highly-adapted native fishes. Over 200 species of fish in 28 families may be found in the warm-water streams of the Great Plains region (Cross et al. 1985 , Rabeni 1996 , but individual streams tend to support a small subset of this array. Prairie streams, along with their native fish assemblages, face increasing risks of extinction (Matthews 1988, Hubert and Gordon 2007) .
The Powder River is one of the last unregulated prairie river systems in North America. As a result it is characterized by a highly-variable hydrograph and frequent intermittency (Hubert 1993) . Due both to the lack of dams and the naturally wide-ranging flows, the fish assemblage is composed largely of members of the original, post-glacial ichthyofauna which are all highly adapted to the extreme environmental conditions of the basin (Hubert 1993) . Of 32 species present in the Powder River drainage, 25 are native (Smith 1988, Smith and Hubert 1989) . Several of these native species (shovelnose sturgeon Scaphirhynchus platorynchus, goldeye Hiodon alosoides, sturgeon chub Macrhybopsis gelida, and western silvery minnow Hybognathus argyritis) have been designated as Species of Greatest Conservation Need by the state of Wyoming (WGFD 2010) due to declining populations and habitat loss.
The Powder River represents one of the last remaining examples of a Great Plains river with unregulated flows and a fish assemblage composed predominantly of native species (Baxter and Stone 1995) . Although the Powder River appears to maintain flood and physicochemical regimes similar to those of the past, both the physicochemical regime and the biotic integrity of the system are little known and under-studied. The fish assemblage has been classified as ''relatively pristine'' (Hubert 1993) , but this was on the basis of the continued presence of native species not on an examination of species relative abundances. Other Great Plains rivers have seen substantial decreases in the relative abundance of fish in the ''pelagic spawner'' reproductive guild (Dudley and Platania 2007, Perkin and Gido 2011) . In addition, there is evidence that sand shiners Notropis stramineus have substantially increased in abundance in the Powder River (Patton 1997) . Historical data provides a unique opportunity to evaluate shifts in assemblage composition through time (Patton et al. 1998 , Almeida et al. 2014 . We used historical and contemporary fish sampling data to examine assemblage composition in the mainstem Powder River over the period of fish sampling records. Our aim was to identify and assess possible changes to the Powder River fish assemblage. We hypothesized that the ''relatively pristine'' characterization by Hubert (1993) may no longer be applicable to the Powder River fish assemblage.
METHODS

Study system
The Powder River flows from its headwaters in the Bighorn Mountains and high plains of south central Wyoming to its confluence with the Yellowstone River upstream of Terry, Montana (Hubert 1993 ; Fig. 1 ). The mainstem of the Powder River is unregulated by large dams for its entire length of 1146 km, 459 of which are in Wyoming. The Yellowstone River Intake Diversion Dam is located on the Yellowstone River 122 km downstream from the confluence of the Yellowstone and Powder rivers. While there are no dams on the mainstem of the Powder River, points of diversion for water withdrawals, associated predominantly with irrigation and v www.esajournals.org energy development, are present throughout the watershed.
Predominant land use within the basin has historically been agriculture (Hubert 1993) . In recent years (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) this has shifted towards energy extraction, as evidenced by the increase in numbers of wells permitted and volume of product water generated within the basin (Table  1) . Additionally, magnitude and frequency of peak flows are reduced as compared to historical data. Years of prolonged drought through the 1990s and early 2000s are likely responsible for this trend. Frequency of intermittency is also reduced in recent years and intermittent periods are known to strongly influence prairie stream fish communities (Magoulick 2000 , Dodds et al. 2004 .
The Powder River has a diverse native fish assemblage consisting of shovelnose sturgeon, goldeye, sturgeon chub, members of the genus Hybognathus (western silvery, brassy, and plains minnows), fathead minnow Pimephales promelas, flathead chub Platygobio gracilis, longnose dace Rhinichthys cataractae, river carpsucker Carpiodes carpio, channel catfish Ictalurus punctatus, and stonecat Nocturus flavus. Fishes known to be nonnative are common carp Cyprinus carpio, black bullhead Ameiurus melas, plains killifish Fundulus zebrinus, green sunfish Lepomis cyanellus, bluegill Lepomis macrochirus, and smallmouth bass Micopterus dolomieu. The sand shiner is currently abundant in the Powder River in Wyoming, although it was only first observed in the Powder River in Montana in the 1960s. Hence, the native status of sand shiner in Wyoming portions of the drainage is debatable. Further downstream in the Powder River in Montana and in the Yellowstone River, it is described as a native species.
We examined five data sets to assess potential changes to the Powder River fish assemblage over time (Table 2 ). Historical data sets ranged from the 1890s to the 1980s (Evermann and Cox 1896 , Baxter and Simon 1970 , Stewart 1981 while contemporary data sets covered years 1994 -2008 (Patton 1997 , Senecal 2009 ). Spatially, these collections spanned the mainstem Powder River in Wyoming from downstream of Salt Creek to the Montana border (Fig. 1) .
Little information is given regarding the methods of Evermann and Cox (1896) or Baxter and Simon (1970) . It is assumed that access was the predominant deciding factor in site selection. Similarly, no information on habitats sampled was included for these two historic data sets. Stewart (1981) indicates type of gear used and site locations, but little else, other than to say most successful seining attempts occurred over rocky substrate. Patton (1997) electrofished 200-m reaches and seined river margins. He noted that an effort was made to sample all habitat types present. Senecal seined river margins in 2007 and individual habitat features (pools, riffles, runs, backwaters, and shoals) were sampled in 2008. In both years, seine haul lengths were measured using a laser range finder (Senecal 2009 ).
Standardization
We conducted several standardization exercises to account for differences in sampling methodology among studies. We examined the effect of sampling effort, habitat targeted, and meth- For effort standardization, we conducted a Monte Carlo simulation for each data set with more than three sampling events (Stewart 1981, n ¼ 80; Patton 1994, n ¼ 8; Senecal 2007, n ¼ 41; and Senecal 2008, n ¼ 174; Stewart 1981 , Patton 1997 , and Senecal 2009 . Three sampling events from each data set were randomly chosen and presence/absence was determined for each species based on these three sampling events alone. The simulation was run 100 times and species' presence in a given time period was determined based on whether the species was found to be present in over 50% of the 100 trials. As a result of the effort standardization, species that were only occasionally detected in years with high effort were removed from the presence data set.
To test for the potential effect of sampling different habitats, we analyzed 2008 data with samples from five different habitat types. The purpose was to assess whether regularly sampling all available habitat types produced different results than opportunistically sampling deeper habitats. We compared assemblage structure among differing habitat types using nonmetric multidimensional scaling (NMDS) and compared species' relative abundance calculated using all 2008 data, and only 2008 pool data. Assemblage structure overlapped highly among habitat types (Appendix A) so for the remaining analyses we did not include a habitat adjustment factor.
We used adjustment factors developed by Patton et al. (1998) to account for variation in capture probabilities among sampling gears. Patton et al. (1998) used both seining and electrofishing in his study, and developed species-specific standardization factors based on the probability of capturing each species using only a seine (number of sites where a species was collected by seining divided by the number of sites the species was collected at by electrofishing). Adjustment factors at the site level were applied to the Patton data which was the only dataset which utilized electrofishing. Adjustment Table 1 . Comparison of ''historic' ' (1931-1993) and ''contemporary'' (1994-2009) 
Analysis
We included all sampling events and all fishes in species presence/absence plots, but corrected for sampling effort (see standardization section). For the relative abundance plots we excluded presence/absence only data and species for which fewer than 50 individuals were captured. This removed all data collected in 1893 by Evermann and Cox (1896) and five sampling events from Patton in 1994 (Patton 1997) . In addition, black bullhead, bluegill, longnose sucker Catostomus catostomus, mountain sucker Catostomus platyrhynchus, northern redhorse Moxostoma macrolepidotum, smallmouth bass, common carp, green sunfish, and rockbass Ambloplites rupestris were removed from the analyses. For each sampling event we calculated the relative abundance for each species.
We examined assemblage structure for each sampling event with all species included using NMDS. Bray-Curtis distance was used to obtain the dissimilarity matrix from a matrix of fish species' relative abundances. We compared whether there was a difference between fish assemblages for historic samples (1964, 1980) and contemporary (1994, 2007, 2008) with permutational multivariate analysis of variance using distance matrices. All analyses were carried out using the vegan package (Oksanen et al. 2011) in R (R Development Core Team 2011); the metamds function was utilized for NMDS and the adonis function for comparing the contemporary and historic samples. For both the relative abundance and assemblage analysis we corrected for sampling methodology (see standardization section).
RESULTS
Presence/absence
Four species were almost always present in samples of the fish assemblage: flathead chub, Hybognathus sp., channel catfish, and longnose dace (Table 3) . Notable changes to the assemblage included the addition of sand shiner, plains killifish, fathead minnow, and river carpsucker in the later samples and the loss of sturgeon chub. Sand shiner and plains killifish first appeared in Patton's 1994 sampling (Patton 1997 ) and maintained their presence throughout Senecal's 2007- Four species were considered to be absent for all time periods: black bullhead, bluegill, green sunfish, and smallmouth bass. These introduced species were all found for the first time in 2007-2008 sampling but were caught so rarely that effort standardization removed them from the presence data set.
Relative abundance
Eleven species were common in the samples describing the fish assemblage (more than 50 individuals captured; Fig. 2 ). Channel catfish, longnose dace, and Hybognathus sp. comprised a consistently small proportion of the fish sampled. The largest directional shifts in species' relative abundances were decreases in flathead chub and sturgeon chub, and increases in sand shiner. Average flathead chub relative abundance decreased by 71% between 1964 and 2008 sampling events. Sturgeon chub made up between 6.2% (Baxter and Simon 1970) and 27.4% (Stewart 1981) of the fish sampled in early samples, but decreased to less than 1% (0.02 %; Senecal 2009) in later samples. Sand shiner saw marked increases in relative abundance. Sand shiner were first detected in Patton's 1994 sampling (Patton 1997) 
Assemblage composition
Assemblage composition from recent sampling events (1994, 2007, and 2008) diverged from historical sampling events (1964, 1980) , though 1994 appeared to be intermediate (Fig. 3) . The permutational multivariate analysis of variance found significant differences among the groups v www.esajournals.org (F 1, 299 ¼ 104.34, p , 0.001) but this only explained 26% of the variation (R 2 ¼ 0.26). Species that were indicative of contemporary assemblage structure included sand shiner and plains killifish, while sturgeon chub were highly associated with historical assemblages.
DISCUSSION
Comparison of historic (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) and contemporary (1994, 2007, 2008) Powder River sampling efforts in Wyoming indicates that the fish assemblage, while composed largely of native fishes, may not be as pristine as once presumed (Hubert 1993) . The most striking change is the rapid expansion of one speciesthe sand shiner. Sand shiner expansion may have been unintentionally aided by human vectors such as bait fishermen or resource managers (Rahel 2004) . In their surveys of fishes of the Missouri River Basin during the late 1800s, Evermann and Cox (1896) sampled five species of minnow from the Powder River, none of which were sand shiner. Baxter and Simon (1970) sampled sand shiner at one of seven Powder River basin survey sites in Wyoming, the headwaters of Salt Creek (Fig. 1) . This location was a privately-stocked, cool-water pond, and it is likely that sand shiner were brought to that location by bait fisherman or accidentally introduced along with intentionally stocked species. No sand shiner were collected from five sites sampled on the mainstem of the Power River (Baxter and Simon 1970) . Smith (1988) , however, sampled sand shiner at the mouth of Crazy Woman Creek in 1986. Although sand shiner were found in the Powder River in Montana as early as the late 1960s (Rehwinkel et al. 1978) , and are native to the Missouri River basin (Gilbert 1978) , they have since expanded their distribution and abundance in Wyoming to the extent that they could negatively impact other species through competitive exclusion.
The expansion of one species can contribute to the decline of other species (Grossman et al. 1982) . Biological interactions, such as competi- Fig. 3 . Nonmetric multidimensional scaling plot (stress ¼ 0.14) of fish assemblage structure for each sampling event. Historic (1964 Historic ( , 1980 and contemporary (1994, 2007, 2008) tion, have been found to play major roles in the organization of shallow, warm-water stream fish assemblages (Felley and Cothran 1981, Matthews 1988) . Assuming that there is some overlap in resource utilization of sand shiner, plains killifish, and other small-bodied fishes, it is possible that the concept of competitive exclusion, coupled with changing habitats and other environmental factors, has contributed to a shift in the structure of the Powder River fish assemblage.
In most cases, assemblage shifts are thought of in terms of new species introductions, or native species declines due to competition or habitat loss. Increasingly, however, disproportionate or gross increases in native species, dubbed ''native invaders'' are being considered in these cases (Carey et al. 2012) . Native invasion has been associated with anthropogenic changes in the environment (e.g., climate change) or habitat conditions that favor one native species and/or cause declines in another (Simberloff 2011) . While some native Powder River fishes have experienced slight to appreciable declines, sand shiner relative abundance has increased steadily and is a candidate for being considered as a native invader in the Powder River, though its native status is debated. Similar increases in sand shiner relative abundance are documented in south central Kansas where reductions in peak flows are hypothesized to have favored this native species (Perkin et al. 2014) .
Another fish species that has seen substantial increases in abundance and distribution is the plains killifish. The plains killifish is native to the North Platte River drainage in Wyoming. It was not reported to occur in the Powder River drainage by Baxter and Simon (1970) . It was introduced at some point to the Cheyenne River and Bighorn River drainages in Wyoming, likely by bait fishermen prior to the 1960s (Baxter and Stone 1995) . The range of the plains killifish has since expanded to include the Powder River drainage. Patton et al. (1998) were the first to record the presence of the plains killifish in the Powder River system in Wyoming (in both the South Fork as well as the mainstem of the river). The plains killifish may pose the greatest threat to native fishes of all introduced, naturalized Powder River fishes. Although this small fish likely does not pose a direct predatory threat to the native fish, indirect effects relating to interspecific competition are likely as cohabitation of habitat by animals requires a partitioning of resources, such as space and forage, between individuals (Matthews 1988 Differences among species' reproductive ecology have informed assemblage shifts in other Great Plains systems (Perkin and Gido 2011) and could be applicable to the Powder River. Several of the declining species, such as sturgeon chub (Moore 1944 , Hoagstrom et al. 2006 , Hybognathus sp. (Raney 1939 , Pfleiger 1997 ) and flathead chub (Cross et al. 1985, Durham and Wilde 2008) , belong to a reproductive guild of fishes, termed ''pelagic spawners.'' Although there is some debate as to whether flathead chub belong to the pelagic or ''lithopelagic'' spawner guild (Hoagstrom and Turner 2013) , for the purposes of this paper we consider them to be pelagic spawners. These species time the release of absorbent ova into the water column with peaks in the hydrograph, producing neutrally buoyant zygotes that are suspended in the water column (Moore 1944 , Platania and Altenbach 1998 , Dudley and Platania 2007 , Durham and Wilde 2008 , Perkin and Gido 2011 , Hoagstrom and Turner 2013 . These species' shared reproductive strategy enables reproduction in streams with high suspended sediments and unstable sand or silt substrates, and facilitates the repopulation of downstream habitats that may be fragmented by intermittency. However, localized extirpation of pelagic spawners has been seen in fragmented river segments due to instream migration barriers preventing the upstream movement of adults (Luttrell et al. 1999 , Walters et al. 2014 ) and reduced downstream dispersion and recruitment of drifting eggs and larvae (Dudley and Platania 2007) . The Powder River is undammed upstream v www.esajournals.org of its confluence with the Yellowstone River, but habitat fragmentation could still be occurring due to irrigation diversion structures which can act as barriers to upstream migration. While relative abundance of pelagic spawners has declined, those producing adhesive ova attached to the substrate have increased. Species producing adhesive ova include sand shiner (Platania and Altenbach 1998) and fathead minnow (Gale and Buynak 1982) .
Variation in the response of pelagic spawners may be related to drift distance of buoyant eggs and larvae. Average drift distances vary from 140 to 550 km, depending upon species, water velocities and habitat complexity (Platania and Altenbach 1998 , Dudley and Platania 2007 , Durham and Wilde 2008 , Perkin and Gido 2011 , Hoagstrom and Turner 2013 . Sturgeon chub have the longest reported drift distances with an average of 550 km, and an estimated minimum river fragment length required for species persistence (threshold) of 297 km (Perkin and Gido 2011) . Flathead chub have relatively short thresholds of 183 km and are comparatively long-lived, sometimes surviving more than 7 years (Scarnecchia et al. 2000) . Recent research also shows that habitat fragmentation hinders adult dispersal of flathead chub by impeding summer upstream spawning migrations (Walters et al. 2014) . In contrast to the steep declines in abundance seen in sturgeon chub, flathead chub have experienced slow, steady declines in Powder River samples. This discrepancy in persistence could be related to longer generation times in flathead as compared to sturgeon chub (Scarnecchia et al. 2000) . Among the species with the shortest fragment thresholds are plains minnow Hybognathus placitus (115 km; Perkin and Gido 2011) which could explain the relative stability of Hybognathus sp. within Powder River samples. Given its short life span and long drifting distance, sturgeon chub is likely the Powder River species most sensitive to changes in flow regime and habitat alteration and fragmentation.
Members of the pelagic spawning guild comprise 25-40% of imperiled fishes throughout the Great Plains ecoregion (Jelks et al. 2008) . Declines in these species are largely attributed to reduced reproductive success (Durham and Wilde 2014) , reduced retention rates owing to loss of habitat complexity and lateral flood plain connectivity (Dudley and Platania 2007 , Widmer et al. 2010 , Hoagstrom and Turner 2013 and reduced recolonization of upstream habitats (Brown and Armstrong 1985 , Winston et al. 1991 , Walters et al. 2014 due to channelization and fragmentation of large river systems. While undescribed, it follows that river fragmentation thresholds for species producing adhesive ova would be much lower than those with drifting zygotes. Relatively recent extirpations or declines of pelagic spawners, including plains minnow and speckled chub Macrhybopsis aestivalis, have been documented in Great Plains Rivers of Oklahoma, Texas and Wyoming, respectively. These species' declines corresponded with gross increases in relative abundances of sand shiner and associated species (Winston et al. 1991 , Bonner and Wilde 2000 , Lionberger and Hubert 2007 , Wilhite 2007 , Perkin et al. 2014 .
In addition to habitat fragmentation, Great Plains streams have also experienced substantial shifts in hydrology. Extreme floods, periods of intermittency and drought historically contributed to the evolution of a highly-adapted Great Plains fish assemblage (Fausch and Bramblett 1991 , Hubert 1993 , Matthews and Marsh-Matthews 2006 . However, moderating effects have been observed at both ends of the Powder River at Arvada hydrograph for the period of record, 1930-2013 (USGS real time stream gage data: http://www.usgs.gov). Comparison of hydrograph characteristics for time periods 1930-1993 and 1994 -2009 (Gido et al. 2010) . While predominant agricultural land uses persist throughout the v www.esajournals.org basin, production of coalbed natural gas has increased precipitously in recent years (Table 1) . Decreasing occurrences of zero flow days, despite reduced precipitation regimes, may be linked to direct discharge of coalbed methane effluent water to the Powder River watershed in Wyoming (Senecal 2009 ).
Periods of low or no flow, in addition to high flow periods, are integral in shaping and maintaining native fish assemblages in unfragmented prairie river systems (Labbe and Fausch 2000, Dodds et al. 2004 ). Alterations to stream habitat, and the timing and intensity of extreme flow events may make the Powder River system more hospitable to nonnative species (Cross et al. 1985 , Gale 1986 , Smith 1988 , Hubert 1993 , Rabeni 1996 , Clearwater et al. 2002 , or native fishes with physiological or ecological traits favored over other native species in altered environments (Perkin and Gido 2011) . Population level declines in pelagic spawners have been linked to reductions in peak flows in other Great Plains river systems (Durham and Wilde 2014) . Similar mechanisms may be at play in the Powder River, despite its unregulated status. Increases in species with adhesive ova have also been correlated with reductions in peak flows, theoretically resultant from reduced bed scour (Perkin et al. 2014) .
Several authors have made connections between localized extirpations of pelagic spawners in fragmented systems following prolonged periods of drought conditions (Kelsch 1994 , Perkin et al. 2013 , 2015 . In a situation eerily similar to that observed in the Powder River, sampling revealed local extirpation of sturgeon chub from fragmented portions of the Little Missouri following drought conditions (Kelsch 1994 ). Similar observations have surfaced from Great Plains river systems in Kansas and Texas where species declines have been linked to isolation and drought (Perkin et al. 2013 (Perkin et al. , 2014 . Although undammed, the Powder River is dotted by points of irrigation diversion (WRDS 2014) . Operation of these structures coupled with groundwater withdrawal for coalbed natural gas production may have contributed to increasing fragmentation of the Powder River over the last three decades. In addition, a period of extreme drought took place from 1999-2007. Following trends observed in other Great Plains systems, it is possible that reduced colonization post drought due to a highly fragmented landscape accounts for observed changes in the Powder River fish assemblage. It seems that the factors that once favored the evolution of pelagic spawners may now, in fragmented systems, foretell their demise.
Accurate, well-documented historical and baseline data is integral to describing assemblage shifts over time and is crucial for the effective management and conservation of animal populations (Courtenay 2007) . Unfortunately, few ecological studies exist prior to 1950 over time frames that account for important ecological disturbances (Brown 1995 , Jackson et al. 2001 , Gido et al. 2010 . As sources for fish sampling and accurate records of hydrologic and land use changes along the Powder River are limited, the story of the evolving Powder River fish assemblage is piecemeal at best. Caution should be taken when making broad generalizations on fish assemblage changes due to differences in sampling gear, methodology and metadata documentation (Patton et al. 1998) . For example, without taking sampling effort into consideration, another notable change in the fish assemblage would be the presence of centrarchids and black bullhead in recent samples. Particulars of the environment during the time span covered by Evermann and Cox (1896) and Baxter and Simon (1970) are difficult to discern due to gaps in the hydrologic record. Given gaps in available data, the inability of gages to accurately report zero flow, and the tendency for the Powder River to be flowing in some sections, while becoming isolated pools in others, historic periods of intermittency are difficult, if not impossible, to track.
Despite the data limitations, it is difficult to argue that the fish assemblage of the Powder River in Wyoming has remained unchanged from early records. While the Powder River is largely unregulated with relatively little development, it seems to be following familiar trajectories seen in rivers across the Great Plains that are more heavily impacted and fragmented. The Powder River in Wyoming is a good example of how small, cumulative changes on the landscape may result in large, directional changes in the fish assemblage.
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